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Abstract 
This article is devoted to the method of determining the maximum possible limit of R-value increase of buildings enclosures based 
on the payback conditions. The R-value affected by the climatic conditions of the construction region, the cost of work and materials 
and its installation that required to improve the resistance to heat transfer, as well as the annual percentage rate. Payback conditions 
of any measure are formulated. The value of investments to reduce the coefficient of heat transfer of enclosing structure per unit is 
limited by a characteristic of the construction region, which is denoted ω. The calculations of the ω-value for some cities in China 
with a severe climate are performed and calculations for selection of window units are made. 
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1. Trends 
We all live in a world of consumption. Satisfaction of the basest human needs throughout elevated to the national 
idea, to the indication of educational level, of the life’s quality of the countries. The development of «comfortable» 
component of this life is caused by the development of the fuel and energy sector of the country in all cases. But, of 
course, hot summers, cold winters, difficult climatological conditions in different cities and towns around the world, 
pollutions, human need to clean air breathe and limits of the ability of human thermoregulation - all of those things 
cause the high humanistic role of the engineering systems.  
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As the characteristics of thermal performance of enclosing structures in Russia normalized reduced resistance to 
heat transfer (R-value) [1], in China normalized mean heat transfer coefficient (K-value) [2]. These quantities are 
related by the expression (1): 
/RK 1   (1)
 
It seems obvious that in order to save energy for heating should be increased R-value, ie, decrease the K-value. 
However, this is hindered by two circumstances: firstly the technical capabilities of construction, and secondly - the 
economic feasibility. This article is devoted consideration of the second circumstance, it describes the method of 
determining the maximum possible limit of R-value increase (or K-value decrease) of enclosing structures of buildings 
based on the terms of payback conditions.  
The R-value affected by the climatic conditions of the construction region, the cost of work and materials and its 
installation that required to improve the resistance to heat transfer, as well as the annual percentage rate. In order to 
increase the R-value of a certain level requires additional investments. Payback conditions of investment are 
formulated as (2) [3]: 
PrΔI d   (2)
 
where: ΔI - capital investments for increase the R-value or for decrease the K-value, USD/m2 (¥/m2); 
'P – annual profit (gain) from the energy savings of heating by increasing the R-value, USD/(m2year); 
r – interest rate, year-1. 
Energy saving for heating during the year is expressed as (3): 
hCHDD)-K(K,-ΔP  180240 12   (3)
 
where: HDD18 – degree-days of heating period when the internal temperature equal 18 оС, 
(оС day)/year;  
Сh – price of heat energy, USD/kWh;  
K1 – coefficient to heat transfer before decrease K-value, W/(m2 оС); 
K2 – coefficient to heat transfer after decrease K-value, W/(m2 оС); 
0,024 – dimensional coefficient, kWh/(W day).  
After substituting the expression of annual profits from the energy savings by decreasing the heat transfer 
coefficient (or by increasing the resistance to heat transfer) of enclosing structure in (2) we obtain the expression (4): 
rСDΔK
ΔI
hd /024,0 d   (4)
 
where: ΔK – decrease of the heat transfer coefficient of enclosing structure, W/(m2 оС), ΔK= K2 - K1;  
The right side of expression (4) is a characteristic of the construction region, which is denoted ω, USD oC/W: 
/rCHDD,ω h 180240   (5)
 
This value is the limiting value of investments to decrease the coefficient of heat transfer of enclosing structure per 
unit. So investments for thermal insulation of enclosing structure cannot be more than ω·(-ΔK). The ω-value is 
completely determined by the data of the construction region, therefore the value of ΔI is limited for each region [3]: 
 ΔKΔI dZ
  (6)
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Expression (6) is a payback condition of insulation of enclosing structure. 
To illustrate, consider payback of decrease K - values on the value of 2.5 to a value of 2.2 m2°C/W  (-ΔK = 0.3 
W/(m2 °C)) for window units installed in residential buildings in various cities of the province of Heilongjiang, located 
in the zone with severe conditions. For the calculation, it is assumed that the annual discount rate for credits of Bank 
is 0.0615 year-1. The values of the cost of thermal energy are shown in Table 1, they are calculated separately for each 
city, for buildings with more than 14 stories. 
The price difference between the window unit with heat transfer coefficient of 2.5 W/(m2 °C) and the window unit 
with heat transfer coefficient of 2.2 W/(m2 °C) is 10 USD/m2 according to one of the firms date. This value (price 
difference) is less than the value of Z(-'K) calculated for cities in table 1, therefore, for all city exceed Lanzhou the 
payback conditions (6) is performed.  
Big influence on the Z - value and on payback of replacement of windows has the HDD18 - value. Economic 
aspects justified the decrease of the coefficient of heat transfer of window units for buildings in the majority of China’s 
cities.  
In the city of Lanzhou, the heat transfer coefficient of window units may not be lowered because the payback of 
considered event is questionable, as its price and limit so close to each other. 
Table 1. The calculation of limiting value of investments to decrease the coefficient of heat transfer of enclosing structure 
per 0.3 W/(m2 оС) 
The city Zone and 
sub- 
zone 
HDD18,  
(°C day)/year 
Price of heat 
energy, 
USD/kWh 
Z,  
USD oC/W 
,  
W/(m2 оС) 
Z·(-'K),  
USD/m2  
Herbin I(B) 5032 0,057 112 0,3 33,5 
Mohe  I(A) 7994 0,036 112 0,3 33,5 
Heihe  I(A) 6310 0,034 84 0,3 25 
Qiqihaer  I(B) 5259 0,039 80 0,3 24 
Jiamusi  I(B) 5594 0,033 72 0,3 21,6 
Changchun  I(C) 4642 0,042 76 0,3 22,8 
Dalian  II(A) 2924 0,075 79 0,3 23,9 
Tianjin  II(B) 2743 0,067 71 0,3 21,5 
Beijing  II(B) 2699 0,070 73 0,3 22,1 
Shijiazhuang  II(B) 2388 0,070 65 0,3 19,6 
Huhehaote  I(C) 4186 0,043 70 0,3 21,1 
Taiyuan  II(A) 3160 0,045 56 0,3 16,6 
Xian  II(B) 2211 0,11 95 0,3 28,5 
Zhengzhou  II(B) 2106 0,11 90 0,3 27,1 
Xian  II(B) 2158 0,10 84 0,3 25,2 
Lanzhou  II(A) 3091 0,03 36 0,3 11,0 
Wulumuqi  I(C) 4329 0,038 64 0,3 19,3 
 
In the same way, it is possible to inspect the conditions of payback possible decrease K-value of other enclosing 
structures of building in zones with severe cold and cold zones. 
References 
[1] SP 50.13330.2012 "Thermal performance of the buildings". The updated edition SNIP 23-02-2003, Moscow, 2012. 
[2] JGJ 26 – 2010. «Design standard for energy efficiency of residential buildings in severe cold and cold zones». (In China). 
[3] Gagarin V.G. Economic analysis of improving thermal performance of enclosing structures of buildings. // Construction Materials. 2008. №8. 
S. 41-47. (In Russian). 
K'
